Several studies have reported increased mortality risk with early natural menopause. More recently, mortality risk was reported to be reduced among women who gave birth at age £40 years. The association between reproductive history and mortality was explored among 826 women in a prospective study involving 18,959 person-years of follow-up (from age 50 to 1990-1991) and 108 deaths. After adjustment for age and other covariates, the risk ratio among parous women was 1.53 (95% confidence interval: 0.58, 4.07) for natural menopause at age £45 years compared with £51 years. In contrast to a previous report, however, the highest estimated mortality risk was seen among women who gave birth in their forties (adjusted risk ratio = 2.14, 95% confidence interval: 1.05, 4.38) compared with having a last birth at ages 30-34 years. Am J Epidemiol 2000;151:620-3. menopause; mortality; parity Snowdon et al. (1) suggested that natural menopause may represent a marker of general health and aging. Hormonal changes associated with menopause may also influence risk for some specific diseases. Recent studies have reported increased mortality rates among women with an early natural menopause (menopause at age <40 or <45 years) (1-3) and decreased mortality rates among women with a livebirth at age >40 years (4). Therefore, we studied the association between menopausal and reproductive history and mortality risk in a cohort of 826 women followed from approximately 1935 to 1990.
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menopause; mortality; parity Snowdon et al. (1) suggested that natural menopause may represent a marker of general health and aging. Hormonal changes associated with menopause may also influence risk for some specific diseases. Recent studies have reported increased mortality rates among women with an early natural menopause (menopause at age <40 or <45 years) (1-3) and decreased mortality rates among women with a livebirth at age >40 years (4) . Therefore, we studied the association between menopausal and reproductive history and mortality risk in a cohort of 826 women followed from approximately 1935 to 1990.
MATERIALS AND METHODS
The Menstruation and Reproductive History Study was begun in 1934 by Dr. Alan Treloar at the University of Minnesota (5). Participants were students who recorded beginning and ending dates of menstrual bleeding on a 1-year calendar card that was returned annually along with a questionnaire that included information about pregnancies, hormone use, surgery, and other medical conditions. Between 1934 and 1939, 1,807 women under age 25 enrolled in the study, and 1,134 of these women contributed 5 or more years of menstrual data to the study.
This analysis was limited to women from whom questionnaire data were obtained in a follow-up study conducted in 1990-1991. Information necessary for tracing (i.e., name, date of birth, and last known address) was available for 997 of the 1,134 women, and 943 (95 percent) of them were successfully located (6) . A self-administered questionnaire was completed by 874 respondents (716 study subjects and 158 proxies, most often a daughter or husband). Information on age at menopause and type of menopause (natural, surgical, radiation-induced, and "other") obtained from the questionnaire was used for the 27 percent of participants who had stopped recording menstrual diary data before menopause occurred. For all others, age at menopause was defined on the basis of menstrual diary records as age at the last recorded menstrual period for natural menopause or age at hysterectomy or bilateral oophorectomy for surgical menopause. There was no difference in source of menopause data for women who had died compared with women who were still alive at follow-up. The questionnaire also included data on smoking history for each year between ages 10 and 79, current height, current weight, and weight at age 30. We also obtained information on the date and outcome of each pregnancy. Pregnancies that occurred before entering the menstrual diary study, during a break in recording, or after leaving the study were added to the prospectively recorded pregnancy history; 9 percent of the pregnancies among women who had died and 9 percent of the pregnancies among women who were still alive were added in this manner.
There were 145 deaths identified in the cohort of 874 questionnaire responders. We excluded eight women with radiation-induced or "other" types of menopause, 18 women with missing information on age or type of menopause, one woman with missing information on age at death, three women whose deaths seemed to be related to their type of menopause (e.g., surgical menopause and endometrial cancer), and 18 women who died before reaching age 50 years; this left 826 women (18,959 person-years) and 108 deaths for analysis. Death certificates were obtained for 89 percent of the deaths.
Analysis
We used a discrete-time survival model based on logistic regression to model the observed age-specific risk of death in relation to menopausal and reproductive history. Person-time at risk was counted from age 50 years to age at death or age at completion of the follow-up questionnaire. We adjusted for chronologic age using quadratic splines, after centering age by subtracting 60 (7). Knot points used corresponded to ages 60 and 70 years. We also adjusted for smoking status and estrogen replacement therapy, entered as timedependent variables. Age at natural or surgical menopause, parity, and age at last birth were entered as fixed variables. Quetelet index (weight (kg)/height (m) 2 ) was not included in the final analyses because further adjustment for it had little effect on the associations with menopause and pregnancy history.
RESULTS
The study participants were all White, collegeeducated women, and the median age of the 718 subjects who were alive at follow-up was 73 years (range, 63-81). The median age at death among the 108 deaths in the analysis was 67 years (range, 50-78). Fortythree percent of the women reported that they had smoked cigarettes regularly (at least one per day) for 6 or more months. The mean Quetelet index at age 30 years was 21.7 (standard deviation 2.50). There were 158 women (19 percent) who had never been pregnant and 176 (21 percent) who had had no live-or stillbirths. The median age at first pregnancy was 27 years (range, 15-43), and the median age at last pregnancy was 35 years (range, 15-48). Estrogen replacement therapy was used by 50 percent of the women, and 82 (10 percent) used replacement estrogen for more than 20 years. The reproductive Lifetime of the cohort preceded the widespread use of oral contraceptives.
Cigarette smoking was associated with an increased risk of mortality; after adjustment for age and estrogen use, the risk ratio (RR) per 20 cigarettes per year was 1.92 (95 percent confidence interval (CI): 1.33, 2.76). Use of estrogen replacement therapy was associated with a decreased mortality risk (age-and smokingadjusted RR = 0.40; 95 percent CI: 0.26, 0.62).
Compared with women who had a natural menopause after age 50 years, mortality risk was somewhat increased among women with an early natural menopause or surgical menopause: After adjustment for age, smoking, estrogen use, and parity, the risk ratio was 1.39 for natural menopause at age ^45 years and 1.60 for surgical menopause at age <45 years (table  1) . However, there was little difference between the estimated risks for natural menopause at ages <45 years and 46-50 years. When we divided the women with early (age <45 years) surgical menopause into groups based on ovarian status, there was little difference in the risk estimates (data not shown). There was little association between mortality risk and parity; after adjustment for age, smoking, estrogen use, and age at menopause, the risk ratio for parous women compared with nulliparous women was 0.82 (95 percent CI: 0.53, 1.27). A later age at last birth was not associated with reduced mortality risk. Rather, the highest risk was seen in the age group with the latest last birth (table 1) .
Among parous women, adjustment for age at last birth resulted in a small increase in the estimated mortality risk associated with early natural menopause (for natural menopause at age ^45 years compared with age >51 years, RR = 1.53, 95 percent CI: 0.58, 4.07). There was little change in the estimated mortality risk for natural menopause at age 46-50 years (RR = 1.44, 95 percent CI: 0.85,2.44) or surgical menopause at age <A5 years (RR = 1.57, 95 percent CI: 0.74, 3.33), but the estimated risk ratio for women with surgical menopause at age £46 years decreased to 1.00 (95 percent CI: 0.40, 2.47).
DISCUSSION
In this prospective study, mortality risk was somewhat increased among women who had a natural or surgical menopause before age 46 years. Two previous longitudinal studies have shown associations of similar magnitude (relative risks of 1.5 or 1.6) between very early natural menopause (i.e., age <40 or <45 years) and mortality risk in women aged >55 years (1) or >50 years (3). These associations may reflect a correlation between ovarian senescence and aging, the influence of general health on reproductive parameters, or hormonal influences on disease risk and mortality. • Calculated by logistic regression, adjusting for chronologic age using quadratic splines, centering age by subtracting 60, and using knot points corresponding to ages 60 and 70 years. Risk ratios were also adjusted for smoking and use of estrogen replacement therapy as time-dependent variables and for age at menopause (natural: ages 28-45, 46-50, and 551 years; surgical: ages 28-45 and 546 years) and parity (0,1-2, 3-4, and 55) as fixed variables.
t Includes one premenopausal woman who died at age 52 years. * Referent. § Analysis was limited to parous women (78 deaths among 14,824 person-years of follow-up).
In a retrospective study of 78 women who lived to age 100 and 54 women who died at age 73, Perls et al. (4) reported that the centenarians were more likely to have had a child after age 39 years (16.2 percent of the centenarians compared with 5.5 percent of the comparison group; odds ratio = 4.0, 95 percent CI: 1.02, 18.7). All of the women had been born in 1896, so this difference could not be explained by a birth cohort effect. In contrast, we did not find any evidence that late childbearing is associated with reduced mortality: The highest relative risk we observed was for women with the latest age at last birth. Maternal mortality could not account for this, since the analysis began at age 50 years.
Because of the small size of this cohort, confidence intervals tended to be large for risk ratios associated with relatively uncommon experiences, such as natural menopause before age 40 or 45 years and pregnancy after age 40. Fewer than 1 percent of women experience natural menopause before age 40 years (8) , and approximately 5 percent experience natural menopause at or before age 45 (9) . However, a strength of this study is that the menopause data were prospectively collected for 78 percent of the study cohort and the pregnancy data were prospectively collected for 91 percent; thus, recall errors were reduced. Another advantage is that the cohort was relatively homogeneous socioeconomically (all were college-educated women), so uncontrolled effects of socioeconomic level are unlikely to explain our results. However, the generalizability of the experience of these pre-World War U, college-educated women from the midwestern United States is an important consideration. Women (or their proxies) who did not complete the 1990-1991 followup questionnaire were not included in this analysis. However, the proportion who were known to have died among these 123 women (18 percent) was similar to the proportion who had died (17 percent) among the 874 women for whom questionnaire data were available. This provides some assurance that the results of the analysis were not substantially influenced by selection bias.
This study provides further evidence of an increased risk of mortality among women with an early (age <45 years) natural or surgical menopause, even with adjustment for use of estrogen replacement therapy. We found little support for a protective effect of a late pregnancy on mortality risk.
